C-X-C motif chemokine ligand 2 (CXCL2) is a small secreted protein that exhibits a structure similar to the proangiogenic subgroup of the CXC chemokine family. Recently, accumulating evidence suggests that chemokines play a pivotal role in cancer progression and carcinogenesis. We examined the expression levels of 7 types of ELR ＋ CXCLs messenger RNA (mRNA) in 264 clinical samples. We found that CXCL2 expression was stably down-regulated in 94% of hepatocellular carcinoma (HCC) specimens compared with paired adjacent normal liver tissues and some HCC cell lines. Moreover, CXCL2 overexpression profoundly attenuated HCC cell proliferation and growth and induced apoptosis in vitro. In animal studies, we found that overexpressing CXCL2 by lentivirus also apparently inhibited the size and weight of subcutaneous tumours in nude mice. Furthermore, we demonstrated that CXCL2 induced HCC cell apoptosis via both nuclear and mitochondrial apoptosis pathways. Our results indicate that CXCL2 negatively regulates the cell cycle in HCC cells via the ERK1/2 signalling pathway. These results provide new insights into HCC and may ultimately lead to the discovery of innovative therapeutic approaches of HCC. [BMB Reports 2018; 51(12): 630-635]
INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most prevalent cancer types and the major cause of cancer-related deaths (1, 2) .
Fifty-five percent of HCC cases occur in China due to liver cirrhosis and high prevalence of chronic hepatitis B virus infection (3) . Although significant advances in HCC diagnosis and surgical techniques, the 5-year survival rate after surgical resection or liver transplantation remains unsatisfactory given frequent tumour recurrence and metastasis (4, 5) . Therefore, the molecular pathogenesis of HCC must be characterized to identify novel therapeutic targets and predictive biomarkers to improve treatment response and HCC prognosis.
A recent study demonstrates that inflammation was identified as a new hallmark of cancer (6) . Cancer-related inflammation drives tumour progression and especially aids tumour cell survival and proliferation (7) . Most HCC cases are caused by hepatitis B virus infection in China, indicating a possible association between HCC progression and inflammation (8) . However, at present, the underlying mechanisms of inflammation and HCC progression remains incompletely characterized.
Chemokines are small soluble proteins that can induce chemotaxis in multiple cell types, such as tumour cells, leukocytes and endothelial cells (9) . Recent studies have revealed that chemokines and their receptors are important components involved in inflammatory conditions and cancer, which can lead to the failure of treatment (10, 11) . This chemokine superfamily is divided into four subfamilies based on the arrangement of the N-terminal cysteine residues of the mature peptide (https://www.ncbi.nlm.nih.gov/gene/2920). The C-X-C motif chemokine ligand 2 (CXCL2) is a member of the CXC subfamily and encodes secreted proteins involved in immunoregulatory and mainly recruits neutrophils. Some reports demonstrated that CXCL2 is overexpressed in breast (12), colon (13) , prostate (14) and bladder cancer (15) , which promotes HCC cell invasion and migration (16) . However, CXCL2 is expressed at sites of inflammation and may suppress hematopoietic progenitor cell proliferation. On the whole, the other biological function of CXCL2 in HCC remains uncharacterized.
In the current study, we detected the expression pattern of CXCL2 in HCC tissues and different HCC cell lines. Then, highly metastatic cell lines (MHCC97H and HCCLM3) were transfected with CXCL2 cDNA. Meanwhile, we investigated the role of CXCL2 http://bmbreports.org BMB Reports 
RESULTS
CXCL2 expression is down-regulated in HCC tumour tissues and correlated with tumour number and poor prognosis
We detected CXCL2 expression levels in HCC tissues by RT-PCR and verified that CXCL2 was apparently down-regulated in HCC tissues compared with adjacent normal tissues (Fig. 1A, B) . Immunohistochemical analysis of CXCL2 expression in paired HCC and normal liver tissue showed consistent results (Fig. 1D ). Based on median value, patients were segregated into high CXCL2 expression and low CXCL2 expression groups. Association analysis revealed that expression of CXCL2 did not correlate with age, gender, histopathologic grading, preoperative AFP level or tumour size. Unlike expectations, high expression of CXCL2 was significantly correlated with multiple tumour numbers (P = 0.002, Table 1 ). Using Oncomine analysis, we investigated the mRNA levels of CXCL2 in human HCC (Fig. 1C) . The similar statistical result was found in paired HCC and normal tissues. Furthermore, we assessed the correlation between CXCL2 and survival rates of HCC patients. The Kaplan-Meier plotter online database (http://kmplot.com/analysis/) was used to analysis the correlation of overall survival between CXCL2 expression levels. Expectedly, we found that compared to the 5-year overall survival rates in HCC patients with low CXCL2 expression was significantly lower than those with higher CXCL2 expression (P = 0.0046, Fig. 1E ).
CXCL2 is down-regulated in HCC cell lines, inhibiting HCC cell proliferation in vitro
To determine whether CXCL2 expression is associated with liver cancer progression, we used real-time PCR to analyse CXCL2 expression levels in six liver cancer cell lines and normal hepatocytes (QSG7701). Of the HCC cell lines, four (MHCC97H, HCCLM3, HepG2 and SMMC7721) expressed lower levels of CXCL2 compared with the normal liver cells line (QSG7701) (Fig.  1F ). Up-regulation of CXCL2 in the stably transfected HCCLM3 and MHCC97H cells was confirmed by Western blot and quantitative RT-PCR (Fig. 1G) . In EdU assay, the percentage of cells stained with EdU was dramatically decreased in CXCL2-overexpressing cells (Fig. 1H ). Overexpression of CXCL2 also significantly suppressed HCCLM3 (P ＜ 0.001) and MHCC97H (P ＜ 0.001, Fig. 1I ) cell viability as examined by CCK-8 assays. These results implied that CXCL2 may inhibit cell proliferation in liver cancer. Moreover, flow cytometry exhibited cell cycle alterations due to CXCL2 overexpression ( Fig. 2A ). We detected that CXCL2 overexpression decreased the percentage of S phase cells and increased the percentage of G0/G1 phase and G2/M phase cells (P ＜ 0.05, Fig. 2B ). To explain cell cycle alternations at the molecular level, we detected cyclin-dependent kinase 2 (CDK2), cyclin-dependent kinase 4 (CDK4), cyclin B1, cyclin D1 and cyclin E1 (Fig. 2C) . The results suggested that the level of CDK2 and cyclin B1, cyclin E1 http://bmbreports.org was obviously decreased in MHCC97H-LV CXCL2 cells and reduced (not significantly) in HCCLM3-LV CXCL2 cells.
CXCL2 regulates HCC cells proliferation via ERK1/2 pathways
We used gene expression microarray to investigate which signalling pathways influence HCC cell proliferation induced by up-regulation of CXCL2 in MHCC97H. The 6908 differentially expressed genes included 4053 up-regulated genes and 2855 down-regulated genes comparing with control MHCC97H cells (Fig. 2D) . Moreover, the Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis showed that CXCL2 could regulate metabolic, PI3K−Akt signalling, cell cycle and pathways in cancer (Fig. 2E) . We assayed several pathways. Inhibition was examined by the analysing the phosphorylation state of ERK1/2, p38, and JNK signalling which can be activated by chemokine receptors. As shown in Fig. 2F , CXCL2 did not affect JNK or p38 phosphorylation in HCC cells. However, the results indicated that CXCL2 expression was negatively correlated with ERK1/2 activation in MHCC97H and HCCLM3 cells. Expectedly, down-regulation of CXCL2 in HCC cells by siRNA increased ERK1/2 phosphorylation, which was up-regulated in CXCL2 knockdown cells (Fig. 2F ). These data suggested that inactivation of the ERK1/2 pathway by CXCL2 in HCC cells may represent the mechanism for its anti-tumour effect.
Overexpression of CXCL2 enhances cell apoptosis
Attenuating cell proliferation in tumours is typically correlated with cell death. Therefore, we detected the level of apoptosis in CXCL2-transfected cells using Annexin V-APC and 7-AAD double staining and flow cytometry (Fig. 3A) . Compared with LV-GFP, the percentage of cells undergoing apoptosis was increased in HCCLM3-LV CXCL2 cells (P ＜ 0.05, Fig. 3B ). This phenomenon was also observed in MHCC97H cells with LV-CXCL2 (P ＜ 0.05).
To explain the underlying molecular mechanism of apoptosis, we detected relative protein expression of pro-apoptosis proteins (Bax, caspase-3 and -7), anti-apoptosis proteins (Bcl-2, nuclear enzyme poly (ADP-ribose) polymerase (PARP) and p65 subunit of nuclear factor kappa-B (NF-B p65)) (Fig. 3C ) in stably transfected MHCC97H and HCCLM3 cells. CXCL2 overexpression increased pro-apoptosis protein (Bax,caspase-3 and -7) levels and degradation of PARP and Bcl-2, indicating that CXCL2 enhance apoptosis via caspase-dependent pathways. Meanwhile, down-regulated NF-B p65 indicated that CXCL2 may induce apoptosis through nuclear pathways. Collectively, these results suggested that CXCL2 induced HCC cells apoptosis via the mitochondrial and nuclear apoptosis pathways.
CXCL2 overexpression inhibits tumour growth in nude mice
To explore the function of CXCL2 overexpression on HCC growth in nude mice, we injected subcutaneously CXCL2-transfected HCCLM3 cells and control cells into nude mice (five animals per group). After six weeks, all mice were sacrificed and the tumours were harvested (Fig. 3D) . Compared with the control groups, LV-CXCL2 transfected mice presented apparently decrease in tumour weight and volume (Fig. 3E) . Finally, tumours were dissected into sections to examine CXCL2 expression by immunohistochemistry (Fig. 3F) .
DISCUSSION
Accumulating evidence suggests that inflammation should be considered a new feature of cancer (6) . Recent studies have revealed that chemokines and their receptors play crucial roles in chronic inflammation and cancer (17, 18) . To explore which chemokines played a crucial role in inflammation and cancer progression, we investigate the RNA expression levels of seven types of ELR ＋ CXCLs in 264 clinical samples. We demonstrate that CXCL2 was down-regulated in HCC tissues. http://bmbreports.org BMB Reports
The overall survival rates of the high CXCL2 expression group were significantly improved compared with the low CXCL2 expression group. Therefore, we hypothesize that CXCL2 can suppress HCC via some underlying mechanism. Thus, we employed in vitro and in vivo assays and clinical samples to explore the role of CXCL2 in HCC. CXCL2 was first identified to recruit and activate polymorphonuclear leukocytes as a functional analogue to interleukin 8 (19) (20) (21) . In contrast to our results, Song et al reported that CXCL2 was overexpressed in the blood samples of HCC patients and promoted proliferation and metastasis in HepG2 and PG5 cells (22) . Lu et al verified that CXCL2 increased the proliferation, invasion, and migration of SMMC7721 cells (16) . These discrepancies are acceptable due to the differences in cell lines, methods, sample sizes and clinical sample sources used to examine CXCL2 biological functions. Moreover, CXCL2 acts as an oncogene in breast cancer (12) and colon cancer (13) but as a tumour suppressor gene in HCC, which may be due to the different molecular mechanisms of tumour development in different organizational original tumours.
In the current study, we performed functional characterization of CXCL2 in MHCC97H and HCCLM3 cell lines via lentivirus overexpression of CXCL2. Our results revealed that exogenous expression of CXCL2 suppresses cell proliferation by enhancing apoptosis and cell cycle (G1) arrest as determined by flow cytometry. Hence, our present data indicated that CXCL2 plays an important role in HCC progression as a tumour suppressor.
We demonstrated that reduced CDK2, CDK4, cyclin B1, cyclin D1 and cyclin E1, protein levels were correlated with CXCL2 overexpression. These data are consistent with G1 phase arrest demonstrated in LV-CXCL2-infected HCCLM3 and MHCC97H cells. Cyclin D1 binds to CDK4, which promotes G1 progression, resulting in cell proliferation (23, 24) . CyclinE1 expression is correlated with and activates CDK2, which is essential for the G1/S transition (25, 26) . The Cyclin B1/CDK4 complex plays an important role in the G2/M phase and regulates entry into mitosis (27, 28) . Therefore, reduced CDK and cyclin protein levels suggest the anti-proliferation property of CXCL2.
We further determined that ectopic expression of CXCL2 induced apoptosis, which is accompanied by caspase-3, caspase-7 and Bax activation. Caspase-3 and caspase-7 are important elements in mediating cell apoptosis signaling transduction (29, 30) . The expression of Bax, a pro-apoptosis Bcl-2 family protein, was increased by CXCL2. Conversely, Bcl-2 which functions as an anti-apoptosis protein was decreased. PARP plays a pivotal role in cell apoptosis and is processed by activated caspase-3 to induce apoptosis. Moreover, NF-B p65 plays a crucial role in cell proliferation (31) . Therefore, CXCL2 overexpression inhibits cell proliferation potentially as a consequence of NF-B p65 suppression. However, the underlying mechanisms by which CXCL2 regulates HCC cell apoptosis and proliferation during tumourigenesis are not well established. In the current study, we revealed that CXCL2 overexpression inhibits the ERK1/2 pathway, and the importance of ERK1/2 signalling pathway has been described (32) .
Moreover, we have unexpectedly discovered in clinical samples that high expression of CXCL2 is associated with multiple tumour numbers. We hypothesize that the effect of a single gene change on the disease at different times is different. We still think that the relationship between CXCL2 and HCC needs more in-depth research with more accurate models to verify the specific mechanism of action of CXCL2 in tumours.
In summary, we determined that CXCL2 expression was down-regulated in HCC. Furthermore, we also determined that ectopic CXCL2 expression suppressed HCC cell proliferation by cell cycle arrest and inducing apoptosis. This study is first to identified CXCL2 as a tumour suppressor gene, and our findings potentially provide a new therapeutic approach for HCC.
MATERIALS AND METHODS

Patients and tissue samples
The local ethics committee approved the experimental protocols. All of the HCC patients got informed written consent. Samples from 264 HCC tissues with matching peritumoural tissues were obtained from the First Affiliated Hospital of Zhejiang University during 2006 and 2013. Patients' data were collected in the hospital information collection system.
Cell lines and cell culture
Six HCC cell lines (MHCC97H, SMMC7721, HCCLM3, Huh7, SKhep1, HepG2) and normal hepatocytes (QSG-7701) were purchased from the Liver Cancer Institute of Fudan University (Shanghai, China) and the American Type Culture Collection (Manassas, VA). The cells were cultured in RPMI-1640 or Minimum Eagle's medium (Biological Industries, Kibbutz Beit-Haemek, Israel) containing 10% foetal bovine serum (GEMINI, Woodland, USA). All cells were maintained in a humidified incubator containing 5% CO2 at 37 o C.
Total RNA extraction and real-time PCR
Total RNA was extracted from tissues or cell lines using TRIzol reagent (Invitrogen, CA, USA), and cDNA was synthesized according to the manufacturer's protocols. CXCL2 expression was determined by RT-PCR, which was performed using a Bio-Rad PCR instrument (CA, USA) and the Takara SYBR Premix Extaq system (Takara Biotechnology, Dalian, China). The following primers were used: CXCL2 forward: GCTTGTC TCAACCCCGCATC and CXCL2 reverse: TGGATTTGCCATT TTTCAGCATCTT and GAPDH forward: GGAGCGAGATCC CTCCAAAAT and reverse: GGCTGTTGTCATACTTCTCATGG.
Lentivirus infection and CXCL2 knockdown model
The LV-CXCL2 and another lentivirus vector encoding LV-GFP, which served as a control, were constructed by GeneChem (Shanghai, China). HCCLM3 and MHCC97H cells were infected by lentivirus at a multiplicity of infection (MOI) of 20 pfu per cell. In addition, 10 g/ml puromycin was used to select stable transformants.
HCCLM3 and MHCC97H cells were transfected with 50 nM short interfering (si) RNA (RiboBio, Guangzhou, China) targeting CXCL2 using lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, MA, USA) following the manufacturer's instruction. The siRNA sequence: GGGCAGAAAGCTTGTCTCA and negative control siRNA sequence: UUCUCCGAACGUGUCACGU.
Cell viability assays
The cell proliferation was assessed by a Cell Counting kit-8 (Dojindo Molecular Technologies, Japan). HCCLM3-LV CXCL2 and MHCC97H-LV CXCL2 cells and the control group cells (2 × 10 3 ) were plated in 96-well plates. Absorbance was detected at 450 nm. The ethynyl deoxyuridine (EdU) assay (EdU Apollo 567 imaging kit, RiboBio, Guangzhou, China) was also used to monitor the cell viability according to the recommendations.
Cell cycle and cell apoptosis analysis
The CXCL2 overexpression or control (LV-GFP) cells were fixed in 75% ethanol at −20 
Tumour xenograft model
Four weeks old male BALB/c nude mice were purchased from Shanghai X-B Animal Ltd, China. HCCLM3 were collected after transfection with LV-CXCL2 or control (LV-GFP). HCCLM3-LV CXCL2 and HCCLM3-LV GFP cells (5 × 10 6 ) were suspended in 50 l of Stroke physiological saline solution and subcutaneously injected into the left flank of immunodeficient mice. After six weeks, all the mice were sacrificed and tumours were collected for analysis. All experiments containing animals according to protocols approved by the Zhejiang Medical Experimental Animal Care Commission.
Western blot analysis
HCC cells were lysed using RIPA lysis buffer (Thermo Scientific, USA) and sonicated after 1 h. Protein concentration was detected using the Pierce TM BCA Protein Assay Kit (Thermo Scientific, USA). Equal amounts (25 g) of proteins were used for separation by electrophoresis in 4-20% ExpressPLUS TM PAGE gels (GenScript, USA) and then transferred to PVDF membranes for 70 minutes. The membranes were incubated with the primary antibody (1:1,000) overnight. Next, the membranes were incubated with HRPconjugated secondary antibody (1:4,000) for 60 minutes. The immunoreactive bands were detected by EZ-ECL (Biological Industries, Kibbutz Beit-Haemek, Israel) following the manufacturer's protocols. The following primary antibodies were purchased from Cell Signaling Technology (Danvers, USA): anti-cyclin E1 (#20808S), anti-CDK4(#D9G3E), anti-caspase 3 (#9665T), anti-Erk1/2 (#4695T), anti-p-ERK1/2 (#4370T), anti-p38 (#8690T), anti-p-p38 (#4511T), anti-JNK (#9252T) and anti-p-JNK (#4668T). The following primary antibodies were obtained from Abcam (Cambridge, UK): anti-CXCL2 (ab139115), anti-cyclin B1 (ab32053), anti-cyclin D1 (ab134175), anti-CDK2 (ab3214), anti-BCL-2(ab32124), anti-Bax (ab32503), anti-caspase 7 (ab32522), anti-NF-B p65 (ab32536), and anti-PARP (ab74290). Anti-GAPDH (60004-1-Ig) antibodies were obtained from Proteintech (Rosemount, IL, USA).
Immunohistochemistry
Tumours harvested from nude mice and liver tissues from HCC patients were immunostained with CXCL2 primary monoclonal antibody (1:100, sc-365870, Santa Cruze, CA, USA).
Expression microarray
MHCC97H-LV CXCL2 and MHCC97H-LV GFP were used to detect differences in gene expression. We used three biological replicates in this experiment and selected differentially expressed genes between samples by the difference multiples (log2 FoldChange ＞ 1) and significant levels (q-value ＜ 0.05). The KEGG pathway annotation is used to provide signal transduction and disease pathway annotation information for differentially expressed genes. The P value is calculated by Fisher Exact Test and P ＜ 0.05 is used as the significance threshold to obtain statistically significant signal transduction and disease pathways relative to the background. Thereby obtaining distribution information and significance of the gene collection on the KEGG category.
Statistical analysis
All experiments were performed in triplicate. Data were analysed using SPSS19.0 software (IBM, Chicago, USA). The data were presented as the means ± SD. The statistical significance of differences between two groups was determined by a two-tailed Student's t-test. The correlation between clinicopathological variables and CXCL2 expression was determined using chi-square tests. P ＜ 0.05 was considered statistically significant.
